Abstract In this paper, we investigate the applicability of soft changes to the system behaviour, namely changing the amount of elaborateness and indirectness displayed. To this end, we examine the impact of elaborateness and indirectness on the perception of human-computer communication in a user study. Here, we show that elaborateness and indirectness influence the user's impression of a dialogue and discuss the implications of our results for adaptive dialogue management. We conclude that elaborateness and indirectness offer valuable possibilities for adaptation and should be incorporated in adaptive dialogue management.
Introduction
Spoken dialogue systems are employed under a number of varying conditions (e.g. the amount of ambient noise or different user states). The user experience when interacting with such a system may be improved if those conditions are taken into account, e.g. by the Dialogue Manager (DM).
In a dialogue system, the DM is the component responsible for keeping the dialogue state updated and selecting the system's next action. There are several DM architectures that enable adaptivity (e.g. [3, 5, 9, 10] ), often employing hard adaptation approaches. Such approaches are characterised by utilising dedicated system actions to deal with certain conditions, such as reacting to a angry user by asking what is wrong. Gnjatović et al. [5] , for example, present a DM that adjusts the kind of support given to the user to their emotional state, and an in-car dialogue system implemented by Kousidis et al. [7] adapts to situations that require the full attention of the driver by pausing the conversation entirely. Saerbeck et al. [8] vary the social supportiveness of a robotic tutor by using motivational sentences such as 'It was not easy for me either'. Similarly, user studies on adaptive dialogue management often focus on hard adaptations: Jaksic et al. [6] employ fixed phrases as response to the user's emotion, effectively leaving two ways to react: apologising and acknowledging positive emotion. Bertrand et al. [2] offer four kinds of emotional feedback: thankfulness, praise, calm and motivate.
In contrast, soft adaptation is only rarely considered. It is characterised by keeping the propositional content of a system action and changing only the way it is presented, e.g. by phrasing statements more politely if the user is angry. Employing soft changes can offer benefits: it is less obvious to the user than a hard adaptation as it is not directly addressing the cause of the adaptation. Asking the user what is wrong will notify the user of the fact that the dialogue system is reacting to their mood. Continuing with the intended statement, just more politely, can appear a seamless continuation of the dialogue. Additionally, hard adaptations are more likely to disrupt the conversation flow by bringing up a new topic (in this case the emotional state of the user). Finally, hard adaptations can become repetitive if employed too often. Asking the user what is wrong is a viable behaviour once anger is detected, but if the user stays angry it is not advisable to repeat this action within the next few exchanges. In contrast, a soft adaptation may be employed over the course of several exchanges as it can be applied to different statements. Being more polite does not become repetitive if the propositional content of the system actions changes. André et al. [1] have proposed the adjustment of the politeness level for adaptation. While the robotic tutor of Saerbeck et al. [8] uses hard adaptation in the form of fixed motivational sentences, it also employs soft adaptation, e.g. on the wording level by using either 'you' or 'we' to reflect the level of closeness between tutor and student. In this paper, we investigate the applicability of two further means of soft adaptation: the level of elaborateness and indirectness (EI).
Elaborateness refers to the amount of additional information provided to the user. A high level of elaborateness could for example result in giving a weather forecast for the next few days when the user asks for the current weather, while with a low elaborateness only the requested information would be given.
The level of indirectness describes how concretely information is addressed by a speaker. For instance, a direct response to a user request about the current weather would be an accurate description of the weather, e.g., 'It is raining'. An indirect response would be the advice to take an umbrella. In the latter case, the weather is not mentioned directly but can be inferred from the given information.
In the following, we show that EI should be incorporated in adaptive dialogue management as they offer valuable possibilities for adaptation. To this end, we present a user study that answers the following questions: does the perception of (a) The virtual avatar [4] that was used in our user study. a dialogue change with different EI-levels and is the effect of the EI-level dependant on the current situation of the user.
The remainder of the paper is structured as follows: Section 2 describes the setup and results of our user study. The implications for adaptive dialogue management are discussed in Section 3. Finally, we draw our conclusion in Section 4.
User Study
The goal of our study is to assess the effect of EI on the perception of a dialogue under different conditions. To this end, we utilise two semantically similar dialogues that differ with regard to the level of EI used by the dialogue system. If the assessment of the two dialogues differs, this supports the assumption that EI can be used in adaptive dialogue management.
Study Design
Our study aims to answer two research questions: does the assessment of a dialogue change with different EI-levels and is the effect of the EI-level dependant on the current situation of the user. This results in two independent variables: the EI-level of the dialogue, instantiated with the two levels low and high, and the situation of the user, with the levels involved and distracted. Differences between the EI-levels signify that participants are receptive to the changes resulting from changing the level of EI and have a preference. If that is the case, EI should be considered when designing the system behaviour with this preference in mind. Furthermore, if the assessment of EI-levels changes in different situations, there is no fixed preference for one specific EI-level and, therefore, EI can be used for adaptation.
Four conditions result from the independent variables: high EI/involved user, low EI/involved user, high EI/distracted user and low EI/distracted user. For each condition, a video showing a dialogue between a human and a virtual agent was recorded 1, 2, 3, 4 . In the videos, a caregiver, called Louisa, interacts with the dialogue system by a virtual avatar called Christian. She suspects that her patient Mr. Smith does not drink enough and expects help from the dialogue system. Screenshots of Christian and Louisa as depicted in the videos can be found in Figure 1 . While our videos presented Christian as a real dialogue system, his behaviour followed scripts that were handcrafted for this study. No actual dialogue system was used in the recordings of the videos. The dialogues in the videos differ slightly between the two EI-levels: Christian uses either a high or a low level of EI. A transcription of the dialogues is provided in the Appendix. Additionally, Louisa is depicted as either involved or distracted in the videos, depending on the situation.
Participants of our study watched two videos, one for each level of EI. The order in which the videos were presented to the participants was randomized. Each participant was assigned to either the involved or the distracted situation by chance.
We provided our participants with a questionnaire containing ten questions that can be rated using a five-point scale: Q01-Q08 were asked for each the high EI-level and the low EI-level video. Those questions can be rated on a scale from 1-not at all to 5-very much. Q09 and Q10 compare the videos directly with each other and their scale is labelled from 1-high EI-level video to 5-low EI-level video.
Results
Our results show that both our research question can be answered in the affirmative. Multiple significant differences between the two EI-levels can be found, and the assessment of EI-levels changes depending on the situation. Also, there are significant interaction effects between EI-level and situation. A graphical representation of the results can be found in Figure 2 . In the following we present a more detailed description of the results. Overall, 270 participants took part in our study. 154 participants filled in the questionnaire for the an involved user and 116 participants reported on the dialogue with the distracted user.
We test our hypotheses using T-test and ANOVA. Normal distribution of the data is assumed under the central limit theorem and homogeneity of variances is confirmed by Levene's test.
Slightly more women than men participated in the involved condition of the study (61 men, 87 women), and almost twice as many men as women in the distracted condition (74 men, 40 women). No significant effect of gender on the results of the study could be found. Most participants were between 20 and 29 years old (involved: 84.4%, distracted: 72.4%) and had only a limited amount of experience regarding dialogue systems (One time use or less: involved: 80.4%, distracted: 60.4%).
In all conditions, Christian is perceived as helpful. Changing the EI level does not negatively affect the ability of a dialogue system to help the user with their requests. All ratings for Q01 are significantly higher than 3 (p < 0.001).
Furthermore the actor portraying Louisa was perceived as involved in the involved condition, achieving a rating significantly higher than 3 for Q02 (p < 0.001). In the distracted condition, Louisa did not succeed to appear sufficiently distracted, still receiving a rating significantly higher than 3 (p < 0.001). However, she at least appears less involved than in the involved condition, scoring a significantly lower rating (p < 0.001).
When Louisa is depicted as involved, participants rate Christian as more spontaneous, responsive, and emotionally involved if he uses a high EI-level and more planning ahead if he uses a low EI-level. Furthermore, the dialogue is perceived as more natural if a high EI-level is used, and participants would rather partake in such a dialogue. Significant differences can be detected for Q03-Q10 (p < 0.001 in all cases). Those findings support the hypothesis that the EI-level has a strong impact on the user's perception of the dialogue partner as well as the overall dialogue. Furthermore, this perception changes as Louisa is perceived as less involved in the distracted condition. The EI-level no longer influences how responsive, spontaneous and emotionally involved Christian appears and how much participants would like to participate in the dialogue. Q04, Q05, Q06 and Q08 no longer show significant differences between the EI-level in the distracted condition of the study, and for Q04 and Q05, a significant interaction effect (p < 0.001) can be found between EIlevel and situation. This supports our second hypothesis that the effect of EI on the assessment of a dialogue changes in relation to the user's situation.
Virtual Avatar vs. Human Conversation Partner
In addition to our main research questions, we compared a human and a virtual avatar as dialogue partners to check for potential differences of the impact of the EI-level in human-human and human-computer interaction.
Only Q06, 'Is Christian emotionally involved in the dialogue?', achieves a significant difference, with higher ratings for the human (p < 0.001). This might be due to a higher expressiveness of the human actor or to a reluctance of the participants to attribute involvement to a virtual agent.
Implications for Adaptive Dialogue Management
We could show in our study that the perception of a dialogue varies depending on the EI-level. This implies that the suitable EI-level should be considered in a dialogue system in order to provide a better user experience. A virtual avatar can portray different characteristics such as spontaneity or responsiveness by adjusting the EIlevel.
Our study also suggests that the effects of the EI-level depend at least to some degree on the situation of the user. Although the user was still perceived as being rather involved in the distracted condition, a significant difference to the involved portrayal was reported by the participants and resulted in a significant change of the assessment of the avatar's characteristics. The perceived difference between the EI-levels is less pronounced in the distracted condition of our user study.
We conclude that the level of EI can indeed be utilised by an adaptive DM, as the EI level influences the user experience and does so in different ways in different situations. Exemplary, we can conceive the following behaviour for a dialogue system from our results: if the user is involved in the dialogue, a high EI-level is employed to achieve the impression that the avatar is an empathic and spontaneous conversation partner. If the user becomes distracted, the EI-level does not influence the perceived characteristics of the avatar as much. Therefore, the dialogue system can employ varying degrees of EI to keep the dialogue more diversified and interesting. Furthermore, a more pronounced change in Louisa's situation (or other conditions such as emotion) might result in different user preferences regarding the level EI that can be taken into account by adaptive dialogue management, although this assumption will have to be tested in further studies.
Conclusions and Future Work
Most DMs pursue a hard approach to adaptation. In this paper, we investigated whether soft approaches, such as changing the level of EI, can be successfully applied in adaptive dialogue management. We presented a user study with which we were able to ascertain the impact EI on the assessment of a dialogue and show that this assessment changes in relation to the user's situation. We conclude from our results that EI offer valuable possibilities for adaptation and therefore should be incorporated in adaptive dialogue management.
In future work, the scope of applicability of EI, e.g. as means to adapt to emotion or culture, can be assessed. Furthermore, the automatic modification of dialogue actions with the goal to produce the desired level of EI should be investigated. 
